, and the polar lipid profile contained phosphatidylethanolamine, five unidentified aminophospholipids, two unidentified phospholipids, two unidentified aminolipids, two unidentified glycolipids and five unidentified lipids. DNA-DNA relatedness values of strain JC289
T with Flectobacillus roseus LMG 24501 T and Flectobacillus major LMG 13163 T were 24.6 % (31.4 %, reciprocal analysis) and 16.2 % (22.4 %),
respectively. On the basis of 16S rRNA gene sequence analysis, physiological and biochemical test results, and chemotaxonomic analysis, strain JC289 T can be differentiated from its closest relatives in the genus Flectobacillus. Based on the data presented, it is concluded that strain JC289 T represents a novel species of the genus Flectobacillus, for which the name Flectobacillus rhizosphaerae sp. nov. is proposed. The type strain is JC289 T (5KCTC 42575 T 5LMG 28712 T ).
The genus Flectobacillus, a member of the family Flexibacteraceae, was proposed by Larkin et al. (1977) . At the time of writing, the genus comprised three recognized species: Flectobacillus major was the first accepted species of the genus Flectobacillus (Larkin et al., 1977) , followed by Flectobacillus lacus (Hwang & Cho, 2006) isolated from a highly eutrophic pond and Flectobacillus roseus (Sheu et al., 2009) isolated from a freshwater ecosystem. Two species, namely Flectobacillus marinus and Flectobacillus glomeratus, were initially assigned to this genus (Borrall & Larkin, 1978; McGuire et al., 1987) and later reclassified as Cyclobacterium marinum (Raj & Maloy, 1990) and Polaribacter glomeratus (Gosink et al., 1998) , respectively. In this study, we isolated a strain from a paddy rhizosphere soil sample and found that the 16S rRNA gene sequence of the isolate was related to those of species of the genus Flectobacillus. Here we describe the phenotypic, physiological and chemotaxonomic features of this isolate.
Strain JC289
T was isolated from a paddy soil sample collected from Western Ghats, Kankumbi, Karnataka, India (158 419 41.50 N 748 129 35 .30 E) on 1 November 2014. One gram of dry soil was serially diluted [10-fold dilution in saline (0.6 % NaCl)] and plated on R2A medium (pH 7.0) containing (g l
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) yeast extract (0.5), peptone (0.5), casein enzyme hydrolysate (0.5), yeast extract (0.5), glucose (0.5), water soluble starch (0.5), dipotassium phosphate (0.3), magnesium sulphate (0.05) and sodium pyruvate (0.3). Three distinct colony morphologies were observed from plates incubated at 30 8C for 3 days. Pale orange-pigmented colonies were purified by subsequent streaking on the same medium. The purified isolate, designated strain JC289
T , was preserved as glycerol stocks and by lyophilization and stored at 4 8C. The purified cultures were grown in liquid medium in conical flasks (500 ml) with shaking (160 r.p.m.) for chemoheterotrophic growth. For routine culturing and for physiological tests, strain JC289
T was grown at pH 7.0 and at 30 8C in the R2A medium.
Genomic DNA was isolated and purified by the method described by Marmur (1961) and the G+C content (mol%) of the DNA, as determined by HPLC (Mesbah et al., 1989) , was 38.5 mol%. Cell material for 16S rRNA gene sequencing was taken from a well-isolated colony and the gene was PCR-amplified and sequenced as described previously (Subhash et al., 2013) . BLAST search analysis of the 16S rRNA gene sequence (1401 nt) was performed using the EzTaxon-e server (Kim et al., 2012) . Strain JC289
T showed the highest 16S rRNA gene sequence similarity to Flectobacillus roseus GFA-11 T (99.5 %), Flectobacillus major ATCC 29496 T (96.7 %) and Flectobacillus lacus CL-GP79
T (94.6 %). 16S rRNA gene sequences were aligned by the MUSCLE program using the UPGMA clustering method of MEGA version 6 software (Tamura et al., 2013) . For reconstructing neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) phylogenetic trees the following statistical methods were used: for NJ, Kimura's two-parameter model (Kimura, 1980) , uniform rates and pairwise deletion was used; for ML, Kimura's two-parameter model, uniform rates, and Nearest-Neighbour-Interchange (NNI) with complete deletion as heuristic search algorithm was used; for MP, Subtree-Pruning-Regrafting (SPR) as heuristic algorithm with complete deletion was used. The combined phylogenetic tree (NJ, ML, MP) confirmed the clustering of strain JC289
T with members of the genus Flectobacillus (Fig. 1 ) and the sequence similarities between strain JC289
T and its closest phylogenetic neighbours were in agreement with the Ez-Taxon-e BLAST search analysis.
DNA-DNA reassociation between strains was determined using a membrane filter technique as described previously (Chakravarthy et al., 2012; Seldin & Dubnau, 1985) . When strain JC289
T was labelled radioactively, the DNA-DNA reassociation value with F. roseus LMG 24501
T was 24.6 % (31.4 %, reciprocal analysis) and 16.2 % (22.4 %, reciprocal analysis) with F. major LMG 13163
T (similar values were obtained when F. roseus LMG 24501 T and F. major LMG 13163
T were used as probes for hybridization). Based on the hybridization results, strain JC289
T represents a novel species according to recommendations for delineating a bacterial species (Stackebrandt & Goebel, 1994; Wayne et al., 1987) . F. roseus LMG 24501
T (5GFA-11 T ) and type species of the genus Flectobacillus, F. major LMG 13163 T (5ATCC 29496 T ) were used for comparative taxonomic analysis under the authors' laboratory conditions. sely related members of the genus Flectobacillus. The tree was reconstructed by the neighbour-joining method using MEGA6 software and rooted by using Tenacibaculum maritimum NBRC 15946 T (GenBank accession no. AB078057) as the outgroup. Numbers at nodes represent bootstrap values (based on 1000 resamplings) and the bootstrap percentages refer to NJ/ME/MP/ML analysis. GenBank accession numbers for 16S rRNA gene sequences are shown in parentheses. Bar, 2 nt substitutions per 100 nt. microscope and was confirmed by the hanging drop method. Growth was measured turbidometrically at 540 nm in a colorimeter (Systronics) after incubation for 5 days. In a buffered medium (K 2 HPO 4 /KH 2 PO 4 buffer for pH 5-8 and NaHCO 3 /NaOH buffer for pH 9-11), growth of strain JC289
T occurred between pH 6.0-8.0 (optimum pH 7.0). Strain JC289
T had no obligate requirement for salt (NaCl) for growth and could tolerate up to 4.0 % (w/v) NaCl, while F. roseus LMG 24501 T and F. major LMG 13163
T could tolerate 1.0 % and 1.5 %, respectively. Temperature (4, 10, 15, 20, 25, 30, 35, 40, 45 and 50 8C) ranges for growth were examined in R2A broth and growth was measured turbidometrically at 540 nm in a colorimeter (Systronics). Growth of strain JC289
T occurred from 4 to 40 8C, while F. roseus LMG 24501 T and F. major LMG 13163 T had growth ranges of 10-40 8C and 4-30 8C, respectively; optimum growth for all three strains occurred at 30 8C.
Strain JC289
T grew chemoorganoheterotrophically [aerobic with pyruvate (0.3 %, w/v) as carbon source/electron donor]. Fermentative growth [anaerobic, dark with glucose/fructose/pyruvate (0.3 %, w/v)] could not be demonstrated. Organic carbon sources utilization was tested as described previously (Subhash et al., 2013) . Strain JC289 (Table 1) .
Vitamins (biotin, niacin, paminobenzoic acid and vitamin B 12 ) requirement was tested by replacing yeast extract as described previously (Shalem Raj et al., 2013) and strain JC289 T had no additional requirement for vitamins for growth as for the two reference strains tested. Different biochemical tests such as hydrolysis of starch, casein and gelatin, indole production, and oxidase and catalase activity were carried out in the prescribed media as described previously (Sheu et al., 2009 T . All three strains were positive for catalase and oxidase activity. Indole production from L-tryptophan was positive for strain JC289 T and F. major LMG 13163 T . Sensitivity to different antibiotics was tested after spreading cells on R2A agar plates (incubated for 3 days at 30 8C) using ready-made sensi-discs (HiMedia) with varying amount of antibiotics. Strain JC289
T was sensitive to the following antibiotics: gentamicin (120 mg), streptomycin (10 mg), chloramphenicol (30 mg) and tetracycline (30 mg) and resistance to amikacin (30 mg), vancomycin(30 mg), nalidixic acid (30 mg) and nystatin (50 mg). Strain JC289 T was resistant to vancomycin (30 mg) and nalidixic acid (30 mg), and differs from F. roseus LMG 24501 T and F. major LMG 13163 T (Table 1) . (Ramaprasad et al., 2013) , indicated the presence of a major unidentified carotenoid (90 mol%) with a retention time of 4.2 min and absorption maxima at 267, 317, 447, 480 and 504 nm (Fig. S2) . Except for the relative abundance of different carotenoids, the carotenoid profiles of strain JC289
T and the two reference strains were similar.
For analysis of cellular fatty acids, polar lipids and quinones, cells grown in the R2A broth medium were harvested when growth of the cultures reached around 70 % of the maximal optical density (exponential growth phase) and analysis was done as described previously (Shalem Raj et al., 2013) . Major (.5 %) fatty acids were C 16 : 1 v5c, iso-C 15 : 0 , C 15 : 0 2-OH, iso-C 15 : 0 3-OH and C 16 : 1 v7c/C 16 : 1 v6c, with minor amounts (.1-,5 %) of C 14 : 0 , C 16 : 0 , anteiso-C 15 : 0 , C 16 : 0 3-OH, iso-C 17 : 0 3-OH and anteiso-C 17 : 1 B and/or iso-C 17 : 1 I. The differences in the fatty acid profile of strain JC289 T with regard to F. roseus LMG 24501 T and F. major LMG 13163 T are shown in Table 1 .
Phosphatidylethanolamine, five unidentified aminophospholipids (APL1-5), two unidentified phospholipids (PL1, 2), two unidentified aminolipids (AL1, 2), two unidentified glycolipids (GL1, 3) and five unidentified lipids (L1-5) are the polar lipids identified in strain JC289 T (Fig. S3) . Strain JC289 T differs from F. roseus LMG 24501
T with regard to the presence of unidentified phospholipid (PL2), unidentified glycolipid (GL3) and unidentified lipid (L5), and the absence of unidentified glycolipid (GL2). The polar lipid profile of strain JC289
T is also distinct from that of the type species of the genus Flectobacillus, F. major LMG 13163
T in the absence of unidentified phospholipid (PL2), unidentified amino lipid (AL2), unidentified glycolipids (GL2, 3) and unidentified lipids (L3-5) (Fig. S3) . Menaquinone-7 (MK-7) is the major (98 %) quinone of the three strains.
The genomic distinction of strain JC289
T from its closest phylogenetic neighbours, F. roseus LMG 24501 T and F. major LMG 13163 T , is well-supported from the phenotypic traits, including cell size, organic carbon source utilization, antibiotic susceptibility, urea and gelatin hydrolysis and fatty acid composition, together with differences in the polar lipid profile. Taken together, these data indicate that strain JC289
T represents a novel species of the genus Flectobacillus, for which we propose the name Flectobacillus rhizosphaerae sp. nov.
Description of Flectobacillus rhizosphaerae sp. nov.
Flectobacillus rhizosphaerae (rhi.zo.sphae9rae. Gr. n. rhiza a root; L. n. sphaera a ball, a sphere; N.L. n. rhizosphaera the rhizosphere; N.L. gen. n. rhizosphaerae of the rhizosphere).
Grows on R2A, TSA and nutrient agar. Colonies on R2A are pale orange, convex, circular, smooth and opaque -5) , two unidentified phospholipids (PL1, 2), two unidentified aminolipids (AL1, 2), two unidentified glycolipids (GL1, 3) and five unidentified lipids (L1-5). MK-7 is the predominant quinone.
The type strain, JC289 T (5KCTC 42575 T 5LMG 28712 T ), was isolated from a rhizosphere soil sample of the plant Oryza sativa (L.) of Western Ghats, Kankumbi, Karnataka, India. The DNA G+C content of the type strain is 38.5 mol% (HPLC). Larkin et al. (1977) The description of the genus is as given previously (Larkin et al., 1977) , with the following modifications. Phosphatidylethanolamine, unidentified aminophospholipids (APL1-5), unidentified phospholipids (PL1, 2), unidentified aminolipids (AL1, 2), unidentified glycolipids (GL1-3) and unidentified lipids (L1-5) are present. The major fatty acids are C 14:0 , C 16:0 , C 16:1 v5c, iso-C 15:0 , C 15:0 2-OH, iso-C 15:0 3-OH, C 16:0 3-OH, iso-C 17:0 3-OH and C 16:1 v7c/C 16:1 v6c. MK-7 is a major quinone.
Emended description of genus Flectobacillus
The type species is Flectobacillus major.
Neurosporene is the major carotenoid accumulated by Rhodobacter viridis JA737. Biotechnol Lett 35, 1093-1097. Flectobacillus rhizosphaerae sp. nov.
